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ABSTRACT 

 
The role of matrixmetalloproteinase (MMP)-2 and MMP-9 in vascular leakage associated with 
dengue haemorrhagic fever and MMPs regulation by tissue inhibitor of metalloproteinases 
(TIMPs) has been established. Control of MMPs and TIMPs activity is of great significance to 
prevent vascular leakage caused by dengue virus (DV) infection. Gingerol (Zingiber officinale 
Roscoe, Zingiberaceae) is one of the most frequently and heavily consumed dietary condiments 
throughout the world. This study evaluates the effect of [6] -gingerol on the expression profile of 
MMP-2, MMP-9 and their tissue inhibitors TIMP-1, TIMP-2 at the MRNA level in DV infected 
Vero cells. Using quantitative real time RT-PCR, we demonstrated that [6]-gingerol significantly 
downregulated the mRNA expression of MMP-2 and MMP-9, whereas upregulated the 
expression of TIMP-1 and TIMP-2 in DV infected cells in a concentration-and time-dependent 
manner. At high concentrations of [6]-gingerol, TIMP-1 and TIMP-2 were up-regulated after 48 
hours of treatment, their over-expression being accompanied by down-regulation of MMP-2 and 
MMP-9 mRNA expression levels. These results suggest that [6] -gingerol may play a role in 
regulating vascular leakage by modulating expression of MMP-2, MMP-9 and TIMP-1, TIMP-2 
in dengue virus infected cells. Therefore, therapeutic strategies utilizing [6] -gingerol could be 
developed to substantially reduce dengue morbidity and mortality. 

 
KEYWORDS: Dengue virus (DV), Matrix metalloproteinase (MMP), Tissue inhibitor of 
metalloproteinase (TIMP), [6] -gingerol 
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INTRODUCTION 
 
Dengue fever is an emerging viral disease 
transmitted by Aedes aegypti mosquito 
arthropods to humans in tropical and 
subtropical regions of the world, with an 
estimated occurrence of 50–100 million cases 
annually [1–4]. According to the World Health 
Organization, dengue infection is classified as 
relatively benign fever, called dengue fever 
(DF), a fatal disease, such as dengue 
haemorrhagic fever (DHF) or dengue shock 
syndrome (DSS) and has resulted in many 
deaths with an annual estimate of 50 million 
deaths worldwide [5]. Plasma leakage, as 
evidenced by hemoconcentration, ascites, or 
pleural effusion, is the major pathophysiological 
hallmark that determines disease severity and 
distinguishes DHF from DF [6]. DV infection 
induced a number of deregulated circulating 
factors such as TNFα, MCP1, IL8, IFNγ, VEGF, 
sVEGFRs and thrombomodulin which may alter 
endothelial phenotypes leading to dysfunctions 
in the vascular permeability that may result in 
severe effusions or even circulatory shock [7-
9].The role of matrixmetalloproteinase (MMP)-2 
and MMP-9 in vascular leakage associated with 
dengue haemorrhagic fever and MMPs 
regulation by tissue inhibitor of 
metalloproteinases (TIMPs) has been 
established. MMP with a divalent ZN2+ at the 
active site is an endothelial activating factor that 
targets components of the extracellular matrix 
(ECM) and play an important role in immune 
response to infection by degrading the ECM for 
leukocyte migration and by modulating 
cytokine, chemokines and defensin activities 
[10]. MMPs produced by DV-infected cells have 
an important role in inducing in vitro endothelial 
cell monolayer permeability. This permeability 
was associated with a loss of expression of 
PECAM-1 and vascular endothelium–cadherin 
cell adhesion molecules and redistribution of F-
actin fibres. These in vitro observations have 
been confirmed in an in vivo vascular-leakage 
mouse model [11]. It has been shown that DV 
infection of primary human macrovascular 
endothelial cells resulted in overproduction of 
MMP-2 and to a lesser extent, of MMP-9, 
leading to enhanced endothelial permeability 

[12]. Moreover, circulating MMP-9, MMP-12 
and MMP-13 levels were detected higher in 
patients during dengue fever compared to 
healthy individuals. Indeed circulating MMP-9 
was associated with disease severity [13]. 
MMP-2 was significantly elevated in dengue 
patients with plasma leakage compared to 
patients without plasma leakage, while MMP-9, 
TIMP-1 and TIMP-2 was significantly elevated 
in DV infected patients compared to healthy 
controls [14]. TIMPs family, TIMP-1, -2, -3 and 
4, regulates the activity of multifunctional 
MMPs. TIMPs inhibit the MMPs activities and 
could modulate critical signaling pathways 
independent of metalloproteinase inhibition 
[15]. As yet, neither vaccine nor specific 
treatment is available for dengue fever, and 
patients are currently treated only 
symptomatically. Consequently, the 
development of antiviral drugs against dengue 
viruses remains an urgent need to prevent 
dengue fatalities. Since the role of MMPs in 
dengue pathogenesis is well established. It is 
important to develop the agents that inhibits the 
MMPs and enhances the TIMPs expression to 
ameliorate plasma leakage in dengue virus 
infection. Phytochemicals remain the focus of 
many in vitro studies in the search for 
compounds against dengue virus [16–18]. 
Ginger (Zingiber officinale) is a natural dietary 
rhizome that is widely used as a flavoring agent 
and occasionally used as a traditional medicinal 
herb. Biologically active compounds of ginger, 
including [6]-gingerol and shogaols were 
reported to be effective against in vitro model of 
various disease conditions by modulating the 
MMP-2 and MMP-9 gene activity, protein 
expression and secretion [19-22]. However, the 
efficacy of [6]-gingerol in modulating MMPs and 
TIMPs cellular response in DHF/DSS has not 
been explored. This study, therefore, was 
designed to explore the possibilities if [6]-
gingerol could have any such modulating effect 
on mRNA expression of MMPs and TIMPs in 
DV infected cells, which might provide the basis 
for developing novel therapeutic strategies 
specifically targeting gelatinolytic MMPs and 
their tissue inhibitors TIMPs and eventually 
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being useful in controlling endothelial vascular 
leakage induced in DHF/DSS. 
 

MATERIALS AND METHODS 
 
[6] -gingerol was purchased from Sigma-Aldrich 
(Singapore) and was dissolved in Dimethyl 
sulfoxide from Sigma-Aldrich (Singapore) and 
diluted in cell culture medium. The following 
reagents and chemicals were obtained from the 
respective suppliers: Minimum Essential 
Medium (MEM) and Fetal Bovine Serum (all 
were purchased from GIBCO Invitrogen Life 
Technologies, USA). 3-(4, 5-dimethylthiazol-2-
yl) -2, 5 diphenyltetrazolium bromide (MTT), 
was purchased from Sigma-Aldrich, 
Singapore), Qiagen RNA Isolation Kit was 
obtained from Qiagen, Germany, Superscript III 
RT and Real time RT-PCR Master Mix  from 
Bio-Rad Laboratories Inc., Hercules, CA, USA. 

 
(i) Cell Culture and Dengue Virus 
Propagation 
C6/36 cells (Cloned cell line derived from larvae 
of A. albopictus) and Vero cells (Cercopithecus 
aethiops kidney cells) were obtained from the 
Research and Biotechnology Division (RBD), 
St. Lukes Medical Center, Quezon City, 
Philippines. Vero cells and C6/36 cells were 
grown and maintained in Minimum Essential 
Medium (MEM, pH 7.2) supplemented with, 20 
mM L-Glutamine, 10% heat inactivated fetal 
bovine serum, 50U/mL penicillin, 50 µg/mL 
streptomycin (all from GIBCO Invitrogen Life 
Technologies, USA). Vero cell lines were 
incubated at 37°C with 5% CO2, whereas 
C6/36 cell lines were incubated at 280C in the 
absence of CO2. The clinical isolate of DV3 
(strain SLMC-50) was obtained from RBD and 
was propagated in C6/36 cells, as previously 
described by Jain et al., with  minor 
modifications [23], and the virus titres 
expressed as foci-forming units (FFU) were 
determined by foci formation assay as 
previously described by Zandi,  with slight 
modifications [24]. For gene expression profiles 
Vero cells were cultured in serum free MEM 
before infection with DV and treatment with 
extracts. 

 

(ii) MTT Cytotoxicity Assay 
The MTT assay was carried out according to 
the method of Denizot and Lang (1986) with 
slight modifications [25]. Briefly, the trypsinized 
monolayer cell culture was adjusted to 1 x 105 
cells/mL using 2% FBS containing MEM. The 
cell suspension was added to each well of the 
96-well microtitre plate. After 24 hrs, the 
supernatant was aspirated, and the monolayer 
was washed with the medium and 100 µl of 
different [6]-gingerol concentrations were added 
to the cells in microtitre plates. The cells were 
in an exponential growth phase when the [6] -
gingerol were added to the culture. The plates 
were then incubated for 72 hrs in 5 % CO2 
atmosphere at 37 °C. After 72 hrs, 100 µl of 
MTT in MEM, 0.5 mg/mL) was added to each 
well. The plates were gently shaken and 
incubated for 4 hrs at 37 °C in 5 % CO2 
atmosphere. The absorbance at 570 nm was 
measured by spectrophotometry (Dynex 
Technologies Microplate Reader, USA). Non-
treated cells were used as negative control 
(NC). Bleomycin Sulfate was used as positive 
control (PC). All experiments were done in 
triplicates. IC50 values were generated from the 
dose-response curves for each cell line. All final 
concentrations of [6]-gingerol for treatment 
were adjusted based on the IC50.  
 
(iii) RNA Extraction and Real-time 
Quantitative RT-PCR for mRNA expression 
Vero cells were plated at a density 5X104 

cell/well with MEM supplemented with 2% FBS 
and infected with DV at multiplicity of infection 
(m.o.i) of 1 and  incubated in the presence and 
absence of [6]-gingerol at concentrations of 
6.25, 12.5, 25 and 50 µg/ml for 24, 48 and 72 
hours of incubation. Non-infected cells 
(controls) were incubated for all trials. Total 
RNA was extracted using RNeasyTM mini kit 
(Qiagen, Germany) according to the 
manufacturer’s protocol. Concentrations and 
purity of RNA extracts were determined 
spectrophotometrically by measuring A260 and 
A280. Complementary DNAs (cDNA) were pre-
pared from 1 µg of the total RNA using iScriptTM 
Reverse Transcription Supermix for RT-qPCR 
(Bio-Rad Laboratories Inc., Hercules, CA, USA) 
according to the manufacturer’s instructions. 
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Subsequent Real-time PCR amplification was 
perfomed using SsoFastTM 
EvaGreen®Supermix (Bio-Rad Laboratories 
Inc., Hercules, CA, USA) according to the 
manufacturer’s instruction. The PCR was 
carried out with an initial denaturation at 94°C 
for 3 min followed by 45 cycles of denaturation 
at 94°C for 30S, annealing step for 45S (at 
56°C for MMP-2 and GAPDH, 59°C for MMP-9, 
600C for TIMP-1 and TIMP-2) and extension 
step (at 72°C for 30S), followed by a final 
elongation (at 72°C for 1 min). GAPDH was 
used as internal control in each single 
quantitative RT- Real-time PCR. Real-Time RT 
PCR was set up and two sets of primers, as 
depicted in Table 1. Three independent 
experiments were performed. A real-time 
quantitative RT-PCR using relative quantitation 
by the comparative CT method was used to 
determine gene expression. Threshold cycle 

number (CT), of three independent reactions, 
was determined using the Rotor Gene RG-3000 
Real-Time PCR Detection System and the 
mean CT was determined. CT describes a cycle 
when the reporter fluorescence dye of a given 
sample becomes significantly different from the 
baseline signal. The levels of specific gene 
expression were normalized to GAPDH levels 
using the formula 2−∆∆CT, where ∆∆CT = ∆CT 
(sample) − ∆CT (calibrator) and ∆CT is the CT 
of the housekeeping gene (GAPDH) subtracted 
from the CT of the target genes. The samples 
are the non-infected Vero cells, [6]-gingerol 
treated (6.25, 12.5, 25 and 50 µg/ml) treated 
DV infected Vero cells for 24, 48 and 72 hrs of 
incubation. Following amplification, melting 
curve analysis was performed to verify the 
correct product according to its specific melting 
temperature (Tm). 

 
Table 1 

Primers Sequences 
 

Gene Forward Primer Reverse Primer References 

MMP-2 5'-AGGATCATTGGCTACACACC-3' 5'-AGCTGTCATAGGATGTGCCC-3' [11] 
MMP-9 5'-CGCAGACATCGTCATCCAGT-3' 5'-GGATTGGCCTTGGAAGATGA3' [11] 
TIMP-1 5’- GCAACTCCGGACCTTGTCATC- 3’ 5’- AGCGTAGGTCTTGGTGAAGC-3’ [26] 

TIMP-2 5’- GTAGTGATCAGGGCCAAAG-3’ 5’- TTCTCTGTGACCCAGTCCAT-3’ [26] 
GAPDH 5'-CCACCCATGGCAAATTCCATGGCA-3' 5'-TCTAGACGGCAGGTCAGGTCCACC-3' [11] 

 
STATISTICAL ANALYSIS 
Statistical methods were adopted using Graphpad prism 6. All the results were expressed as the 
means ± SD. All experiments were performed three times and data were analysed by ANOVA 
followed by Tukey’s Multiple Comparision test to look for significant differences. P values of < 0.05 
were considered statistically significant. 

 

RESULTS 
 
1. Cytotoxicity of [6]-gingerol against Vero cells  
Vero cells were treated with [6]-gingerol for 72 hrs. The cytotoxicity effect of [6]-gingerol on Vero cells 
was determined using MTT assay. The IC50 value of [6]-gingerol was 199.9 µg/mL for Vero cells 
when added directly to the cells (figure 1). It was determined from this assay that 50 µg/mL [6]-
gingerol exerted no significant effects on cell viability and this concentration was used as maximum 
for all the subsequent studies. There was no observed cytotoxicity for cells treated with 0.1% DMSO, 
the solvent used to initially dissolve [6]-gingerol. 
 
  
 



Int J Pharm Bio Sci 2015 April; 6(2): (P) 141 - 153  

 

 

This article can be downloaded from www.ijpbs.net 

P - 145 

 
 

Figure 1 
Cytotoxicity of [6]-gingerol on Vero cells. MTT assay was used to evaluate the cytotoxicity of 

the [6]-gingerol. All experiments were conducted in triplicates. 
 
2. MMP-2, MMP-9, TIMP-1 and TIMP-2 were 
overexpressed in DV-infected Vero cells 
According to the results shown in figure 2, 3, 4 
and 5 the mRNA expression of MMP-2, MMP-9, 
TIMP-1 and TIMP-2 in Vero cells was 
significantly influenced by DV-infection. 
Reverse transcription followed by real-time RT-
PCR was employed to analyze the effects of 
DV-infection on the expression of MMPs and 
TIMPs. Using real time RT-PCR, we 
demonstrated that MMP-2 and MMP-9 were 
overexpressed in Vero cells upon DV infection. 
MMP-2 was upregulated to 8.74, 9.59 and 9.71 
folds (p<0.0001) and MMP-9 was upregulated 
to 5.03, 5.85 and 6.03 folds (p<0.0001) in 
comparison to non-infected cells after 24, 48 
and 72 hours of infection respectively. DV 
infection of Vero cells also upregulated the 
expression of TIMP-1 to 1.94, 2.06 and 2.70 
folds (p<0.0001) and TIMP-2 to 2.36, 3.00 and 
3.23 folds (p<0.0001) in comparison to non-
infected cells after 24, 48 and 72 hours of 
infection respectively, where as that of the 
internal control (GAPDH) remained unchanged, 
indicative of enhanced production of natural 
tissue inhibitors of MMP-9 and MMP-2, 
respectively.  

3. [6]-Gingerol down-regulates MMP-2 
mRNA expression in DV-infected Vero cells 
Using real-time RT PCR, we demonstrated that 
[6]-gingerol treatment led to decrease in DV-
induced MMP-2 mRNA expression in a dose 
and time-dependent fashion (figure 2). At the 
[6]-gingerol concentration of 6.25 µg/mL no 
difference observed in the MMP-2 gene 
expression levels in all days compared to the 
untreated DV infected cell. MMP-2 was reduced 
significantly to 8.27 folds (P=0.0021) and 5.25 
folds (P=0.0011) in response to [6]-gingerol-
treatment with concentrations of 25 µg/ml and 
50 µg/ml respectively after 24 hrs of incubation. 
The expression of MMP-2 was reduced 
significantly to 9.19 folds (P=0.0120) at 12.5 
µg/ml, 4.78 folds (P<0.0001) at 25 µg/mL and 
3.47 folds (P<0.0001) at 50 µg/ml in response 
to [6]-gingerol trearment after 48 hrs of 
incubation. Similarly the expression of MMP-2 
was reduced significantly to   9.22 folds 
(P=0.0010) at 12.5 µg/ml, 3.76 folds (P<0.0001) 
at 25 µg/mL and 2.42 folds (P<0.0001) at 50 
µg/ml in response to [6]-gingerol trearment after 
72 hrs of incubation. 
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Figure 2 
Expression of MMP-2 in non-infected, DV-infected and [6]-gingerol-treated DV-infected Vero 
cells. For  quantitative analysis, total RNA was isolated from non-infected, DV-infected and 
DV-infected cells after [6]-gingerol-treatment (6.25, 12.5, 25 and 50 µg/ml for 24, 48 and 72 hrs 
of incubation). RT followed by real time PCR was performed to investigate the gene 
expression level. Each bar represents the mean ± S.D. calculated from three independent 
experiments with GAPDH used as the internal control. Columns, mean (n=3); bars, SD. 
p<0.0001 (#), statistically significant compared with non-infected cells; p = not significant (ns), 
p<0.1 (*), p<0.01 (**) and p<0.0001 (****), statistically significant compared with DV-infected 
untreated control. 

 
[6]-gingerol down-regulates MMP-9 mRNA 
expression in DV-infected Vero cells 
The [6]-gingerol exhibited no significant 
difference in the MMP-9 mRNA expression 
level at either of treated concentrations for 24 
hrs of incubation and at 6.25 and 12.5 µg/ml for 
48 hrs of incubation. The expression of MMP-9 
was significantly down-regulated in response to 
[6]-gingerol treatment to 3.74 folds (P<0.0001) 

and 2.71 folds (P<0.0001) at  25 µg/ml and 50 
µg/ml respectively after 48 hrs and to  5.23 
folds (P=0.0004), 5.12 folds (P<0.0001), 3.11 
folds (P<0.0001) and 2.22 folds (P<0.0001) at 
6.25, 12.5, 25 and 50 µg/ml respectively after 
72 hrs of incubation (figure 3). These results 
suggest that [6]-gingerol may induce anti-MMPs 
effect in time-and-concentration-dependent 
manner in DV infected cells. 
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Figure 3 
Expression of MMP-9 in non-infected, DV-infected and [6]-gingerol-treated DV-infected Vero 
cells. For  quantitative analysis, total RNA was isolated from non-infected, DV-infected and 
DV-infected cells after [6]-gingerol-treatment (6.25, 12.5, 25 and 50 µg/ml for 24, 48 and 72 hrs 
of incubation). RT followed by real time PCR was performed to investigate the gene 
expression level. Each bar represents the mean ± S.D. calculated from three independent 
experiments with GAPDH used as the internal control. Columns, mean (n=3); bars, SD. 
p<0.0001 (#), statistically significant compared with non-infected cells; p = not significant (ns), 
p<0.001 (***) and p<0.0001 (****), statistically significant compared with DV-infected untreated 
control. 

 
4.  [6]-gingerol up-regulates TIMP-1 mRNA 
expression in DV-infected Vero cells 
After 24 hrs incubation, there was no difference 
observed in the TIMP-1 mRNA expression at 
the concentration of 6.25, 12.5, 25 and 50 
µg/mL after 24 hrs incubation compared to the 
untreated DV infected cells. There was no 
significant difference observed in the TIMP-1 
mRNA expression at the concentration of 6.25 
µg/mL in all days compared to the untreated DV 
infected cells. In the [6]-gingerol-treated cells 
with 12.5, 25 and 50 µg/mL, at 48 hrs of 

incubation, the expression of TIMP-1 was 
significantly increased by 2.52 folds 
(P=0.0001), 2.63 folds (P<0.0001) and 2.92 
folds (P<0.0001) respectively than in the 
untreated DV-infected cells. After 72 hrs 
incubation, there was a significant increased in 
the mRNA expression level of the TIMP-1 to 
3.25 folds (P=0.0038), 3.25 folds (P<0.0001) 
and 3.66 folds (P<0.0001) in the [6]-gingerol-
treated DV-infected cells with 12.5, 25 and 50 
µg/ml respectively (figure 4).  
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Figure 4 
Expression of TIMP-1 in non-infected, DV-infected and [6]-gingerol-treated DV-infected Vero 

cells. For  quantitative analysis, total RNA was isolated from non-infected, DV-infected 
and DV-infected cells after [6]-gingerol-treatment (6.25, 12.5, 25 and 50 µg/ml for 24, 48 
and 72 hrs of incubation). RT followed by real time PCR was performed to investigate 
the gene expression level. Each bar represents the mean ± S.D. calculated from three 
independent experiments with GAPDH used as the internal control. Columns, mean (n=3); 
bars, SD. p<0.0001 (#), statistically significant compared with non-infected cells; p = not 
significant (ns), p<0.01 (**), p<0.001 (***), and p<0.0001 (****), statistically significant compared 
with DV-infected untreated control. 
 
5.  [6]-gingerol up-regulates TIMP-2 mRNA 
expression in DV-infected Vero cells 
There was no difference observed in the TIMP-
2 mRNA expression at the concentration of 
6.25 and 12.5 µg/ml at 24 hrs incubation and 
6.25 µg/ml at 48 hrs of incubation. The 
expression of  TIMP-2 mRNA was significantly 
increased in [6]-gingerol-treated DV-infected 
cells to 2.85 folds (P= 0.0143) and 2.94 folds 
(P=0.0032) at 25 µg/ml  and 50 µg/ml 
respectively after 24 hrs of incubation and 3.47 
folds (P=0.0221), 4.65 folds (P<0.0001) and  
6.80 folds (P<0.0001) at 12.5, 25, and 50 µg/ml 

after 48 hrs of incubation respectively (figure 6). 
After 72 hrs incubation, there was a significant 
increased in the mRNA expression level of the 
TIMP-2 to 3.85 folds (P=0.0016), 4.90 folds 
(P<0.0001), 6.73 folds (P<0.0001) and 7.04 
folds (P<0.0001) in the [6]-gingerol-treated DV-
infected cells with 6.25 µg/ml, 12.5 µg/ml, 25 
and 50 µg/ml respectively (figure 5). At higher 
concentrations of [6]-gingerol 25 and 50 µg/ml 
after 48 hrs of treatment, suggesting that [6]-
gingerol induces anti-MMPs effect in a time-
and-concentration-dependent manner in DV-
infected cells. 
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Figure 5 
Expression of TIMP-2 in non-infected, DV-infected and [6]-gingerol-treated DV-infected Vero 

cells. For  quantitative analysis, total RNA was isolated from non-infected, DV-infected 
and DV-infected cells after [6]-gingerol-treatment (6.25, 12.5, 25 and 50 µg/ml for 24, 48 
and 72 hrs of incubation). RT followed by real time PCR was performed to investigate 
the gene expression level. Each bar represents the mean ± S.D. calculated from three 
independent experiments with GAPDH used as the internal control. Columns, mean (n=3); 
bars, SD. p<0.0001 (#), statistically significant compared with non-infected cells; p = not 
significant (ns), p<0.1 (*), p< 0.01 (**), and p<0.0001 (****), statistically significant compared 
with DV-infected untreated control. 

 

DISCUSSION 

 
A recent study has shown that 390 million 
persons are infected with DV each year, of 
which 96 million develop clinical symptoms [27]. 
A hallmark of dengue disease is an increase in 
vascular permeability, presenting as pleural 
effusion and/or ascitis. In severe cases, 
extensive plasma leakage may lead to the 
development of hypotension and shock [28]. As 
yet, neither vaccine nor specific treatment is 
available for dengue fever, and patients are 
currently treated only symptomatically. The 
main strategy to combat dengue infection is 
through control of the mosquito vector 
population. However, despite these efforts, 
dengue infection rates have risen sharply in the 
last few years. In addition, severe forms of the 

disease have been occurring with ever 
increasing frequency, accompanied by rising 
death rates. On the other hand, vaccine 
development has been heavily hampered by 
the complexities of the pathogen itself, the four 
distinct serotypes, and the likelihood that 
immune enhancement is playing a role in 
disease pathogenesis. Consequently, the 
development of antiviral drugs against dengue 
viruses remains an urgent need to prevent 
dengue fatalities. Considering the role of MMPs 
in vascular leakage during DHF/DSS, it is 
important to stress that the development of 
therapeutic approaches for treatment to reduce 
DV-induced vascular permeability specifically 
targeting gelatinolytic MMPs and their natural 
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inhibitors, TIMP-1 and TIMP-2, might be 
beneficial in controlling vascular leakage-
induced in DHF/DSS. MMPs are among the 
most potent inducers of vascular permeability 
[29]. The activity of these enzymes is regulated 
by TIMPs. In this study, we have shown 
increased expression of MMP-2, MMP-9, TIMP-
1 and TIMP-2 in DV infected Vero cells 
compared to non-infected cells which is in 
agreement with the observations of Luplerdlop 
et al., (2006) and Luplerdlop and Misse, (2008) 
[11 and 12], who demonstrated that DV-
infected cell supernatants had significantly 
increased level of MMP-2, MMP-9 and their 
natural tissue inhibitors TIMP-1 and TIMP-2 as 
compared to non-infected cell supernatants 
without any  restoration of the physiological 
balance between the MMP and TIMP leading to 
vascular permeability. Similarly increased levels 
of circulating MMP-9, MMP-12 and MMP-13 
were observed by Kubelka et al., (2010) in DF 
patients and they found higher amount of MMP-
9 in patients with the severe form of the illness 
rather than with the milder variety [13]. Another 
study conducted by Waidab et al., (2008) also 
demonstrated significant elevation of MMP-9 
mRNA expression in children with DHF 
suggesting the role of this mediator in the 
pathogenesis [30]. Similarly Weg et al., (2014) 
found significantly elevated levels of MMP-2 in 
dengue patients with plasma leakage compared 
to those without any plasma leakage, while 
MMP-9, TIMP-1 and TIMP-2 were significantly 
elevated in DV infected patients compared to 
healthy controls [14]. Interestingly our study 
showed that the expression of MMP-2 and 
TIMP-2 were many fold higher as compared to 
MMP-9 and TIMP-1. Similar observations were 
noted by Weg et al., 2014 [14] who 
demonstrated a strong correlation between 
MMP-2 and TIMP-2, suggesting that TIMP-2 
could have a central role in modulating MMP-2 
activity. In addition, it was also observed that 
DV infection of microvascular endothelial cells 
induced secretion of MMP-2 more strongly than 
secretion of MMP-9 [12]. In contrast, DV 
infected dendritic cells secreted higher levels of 
MMP-9 than MMP-2 [11]. The balance between 
the levels of activated MMPs and free TIMPs 
determine overall MMP activity. TIMP-1 is a 

general prototypic inhibitor for most MMP family 
members and is present in various cell types 
[31]; however, TIMP-1 has inhibitory activity 
against MMP-9 [32].  TIMP-2 inhibits proMMP-2 
10-fold more effectively than TIMP-1 [33 and 
34]. However, TIMP-2 has a bi-functional effect 
on MMP-2 since MT-MMP mediated proMMP-2 
activation requires a tiny amount of TIMP-2 to 
make activation progress, whereas a greater 
concentration of TIMP-2 inhibits MMP-2 [35]. 
Compounds obtained from traditional medicinal 
plants were shown to possess a variety of 
active phytochemicals and thus were reported, 
in the past, to have antiviral and antibacterial 
activities [22, 36]. Zingiber officinale rhizome 
extracts and its biologically active compounds, 
including [6]-gingerol and shogaols were 
reported to be effective against in vitro model of 
various disease conditions by modulating the 
MMP-2 and MMP-9 gene activity, protein 
expression and secretion [19-22]. The 
expression of TIMP-1 was increased in an in 
vitro model of liver cancer following treatment 
with [6]-gingerol and [6]-shogaols [22]. 
However, the efficacy of [6]-gingerol in 
modulating MMPs and TIMPs cellular response 
in DHF/DSS were not explored. Here, we 
examined the effects of [6]-gingerol on MMP-2, 
MMP-9 and TIMP-1, TIMP-2 expression using 
reverse transcription followed by real-time RT 
PCR and found that [6]-gingerol significantly 
downregulated the mRNA expression of MMP-2 
and MMP-9, whereas upregulated the 
expression of TIMP-1 and TIMP-2 in DV 
infected cells at higher concentrations ([6]-
gingerol 25 µg/ml and 50 µg/ml after 48 hrs of 
treatment), suggesting thereby that [6]-gingerol 
induced anti MMPs effect in a time-and-
concentration-dependent manner in DV-
infected cells.  In yet another study performed 
by Weng et al., (2010) it was shown that [6]-
shogaol and [6]-gingerol exerted anti-invasive 
activity against hepatoma cells through 
regulation of MMP-9 and TIMP-1 in a dose 
dependent manner [22]. Another study by Lee 
et al., (2008) demonstrated that [6]-gingerol 
inhibited metastasis through dose dependent 
inhibition of cell adhesion, invasion, motility and 
activity of MMP-2 and MMP-9 in MDA-MB-231 
human breast cancer cells [20]. Similarly Kim 
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and Kim, (2013) suggested that [6]-gingerol 
inhibited the invasiveness of pancreatic cancer 
(PANC-1) cells by decreasing the levels of 
proteases, MMP-2, and MMP-9 [37]. These 
reports supported our findings  that the natural 
compound [6]-gingerol played an important 
anti-MMPs role. Our study is the first of its kind 
to show that [6]-gingerol treatment could 
downregulate the mRNA expression of 
gelatinolytic MMP-2 and MMP-9 while 
upregulating the mRNA expression of their 
natural tissue inhibitors TIMP-2 and TIMP-1 in 
DV infected  cells in a way dependent on its 
concentration and time of interaction. Thus this 
study identified a new therapeutic approach 
which may have important role for the treatment 
of DV-induced vascular leakage by specifically 
targeting gelatinolytic metalloproteinases. 
Taking into account the compounds’ dietary 
availability, the ordinary daily human 
consumption of ginger has approximately 250 
mg to 1g and 1.0-3.0% [6]-gingerol and its 
derivatives [38]. The concentrations of [6]-
gingerol [6.25-50 µg/ml) used in this study 
should be similar to what is present in vivo. 
 

CONCLUSION 
 
The results of this study showed that [6]-
gingerol modulated MMP-2, MMP-9, TIMP-1 
and TIMP-2 genes expression in DV infected 
Vero cells at transcriptional level in a way 

dependent on its concentration and time of 
interaction. To our knowledge, currently there 
are no data available for the effect of [6]-
gingerol on the MMP-2, MMP-9, TIMP-1 and 
TIMP-2 regarding their expression in DV 
infected Vero cells in literature. [6]-gingerol may 
play an important role in regulating DV infection 
induced vascular leakage by inhibiting the 
expression of MMP-2 and MMP-9 and 
increasing the expression of TIMP-1 and TIMP-
2. These results provide new insights for the 
development of anti-dengue agents.  
 

ACKNOWLEDGEMENT 
 

We are thankful to Dr. David Charles Klinzing, 
Scientist Consultant, St. Lukes Medical Centre 
for his contribution to the design of the study 
and supervision of the experiments. This work 
was supported by the Research and 
Biotechnology Division (RBD), St. Lukes 
Medical Centre of Quezon City, Manila, 
Philippines through grant from the Philippines 
Council for Health Research and Development 
(PCHRD) and Department of Science and 
Technology (DOST) for antiviral research 
project. We thank Dr. Filipinas Natividad, vice 
president, RBD for kindly providing the 
laboratory facility for this study. We also thank 
to all dengue research groups of RBD for their 
kind support. 

 

REFERENCES 
 

1. Gibbons RV, Vaughn DW, Dengue: an 
escalating problem. BMJ, 324:1563–1566 
(2002). 

2. Guzman MG, Kouri, G, Dengue: an 
update. Lancet Infect Dis, 2:33–42 (2002). 

3. Mackenzie JS, Gubler DJ, Petersen LR, 
Emerging flaviviruses: the spread and 
resurgence of Japanese encephalitis, 
West Nile and dengue viruses. Nat Med, 
10:S98–S109 (2004). 

4. Guzman MG, Kouri G, Dengue 
haemorrhagic fever integral hypothesis: 
confirming observations, 1987–2007. 

Trans R Soc TropMed Hyg, 102:522–523 
(2008). 

5. World Health Organization, Dengue and 
Dengue Haemorrhagic Fever. Geneva: 
World Health Organisation. Fact Sheet 
No. 117 (2002). 

6. World Health Organization, Dengue 
haemorrhagic fever: diagnosis, 
treatments, prevention and control. 2nd 
edition. World Health organization, 
Geneva (1997). 

7. Srikiatkhachorn A, Green S, Markers of 
dengue disease severity. Curr Top 
Microbiol Immunol, 338:67–82 (2010). 



Int J Pharm Bio Sci 2015 April; 6(2): (P) 141 - 153  

 

 

This article can be downloaded from www.ijpbs.net 

P - 152 

8. Conceicão TM, El-Bacha T, Villas-Bôas 
CS, Coello G, Ramírez J, Montero-Lomeli 
M, Da Poian AT, Gene expression 
analysis during dengue virus infection in 
HepG2 cells reveals virus control of innate 
immune response. J Infect, 60:65–75 
(2010). 

9. Chen LC, Shyu HW, Lin HM, Lei HY, Lin 
YS, Liu HS, Yeh TM, Dengue virus 
induces thrombomodulin expression in 
human endothelial cells and monocytes in 
vitro. J Infect, 58:368–374 (2009). 

10. Parks WC, Wilson CL, Lopez-Boado YS, 
Matrix metalloproteinases as modulators 
of inflammation and innate immunity. Nat 
Rev Immunol, 4:617–629 (2004). 

11. Luplertlop N, Misse D, Bray D, Deleuze V, 
Gonzalez JP, Leardkamolkarn V, Yssel H, 
Veas F: Dengue-virus-infected dendritic 
cells trigger vascular leakage through 
metalloproteinase overproduction. EMBO 
Rep, 7:1176–1181 (2006). 

12. Luplertlop N, Misse D. MMP Cellular 
responses to dengue virus infection-
induced vascular leakage. Japan. J Infect 
Dis, 61: 298-301 (2008). 

13. Kubelka CF, Azeredo EL,   Gandini M, 
Oliveira-Pinto LM, Barbosa LS, Damasco 
PV, Avila CAL, Motta-Castro ARC, Cunha 
RV, Cruz OG. Metalloproteinases are 
produced during dengue fever and MMP-9 
is associated with severity. J inf, 61:501-
505 (2010). 

14. Cornelia A.M. van de Weg, Cláudio S. 
Pannutib, Henk-Jan van den Ham, Evaldo 
S.A. de Araújo, Lucy SV Boas, Alvina C. 
Felix, Karina I. Carvalhod, José E. Levi, 
Camila M. Romano, Cristiane C. 
Centrone, Celia L. de Lima Rodrigues, 
Expedito Luna, Eric C.M. van Gorp, Albert 
D.M.E. Osterhausa, Esper G. Kallase, 
Byron E.E. Martina, Serum angiopoietin-2 
and soluble VEGF receptor 2 are 
surrogatemarkers for plasma leakage in 
patients with acute dengue virus infection. 
J Clin Virol, 60:328–335 (2014). 

15. Sun J, Matrix Metalloproteinases and 
Tissue Inhibitor of Metalloproteinases Are 
Essential for the Inflammatory Response 

in Cancer Cells. J Signal Transuct, 2010: 
Article ID 985132, 7 pages (2010). 

16. Parida MM., Upadhyay C, Pandya G, 
Jana AM, Inhibitory potential of neem 
(Azadirachtaindica Juss) leaves on 
dengue virus type-2 replication. J 
Ethnopharmacol, 79:273–278 (2002). 

17. Talarico LB, Pujol CA, Zibetti RG, Faria, 
PC, Noseda MD, Duarte ME, Damonte, 
EB, The antiviral activity of sulfated 
polysaccharides against dengue virus is 
dependent on virus serotype and host cell. 
Antivir Res, 66:103–110 (2005). 

18. Talarico LB, Damonte, EB, Interference in 
dengue virus adsorption and uncoating by 
carrageenans. Virology, 363:473–485 
(2007). 

19. Yanti, Anti-metalloproteinase-9 activities 
of selected Indonesian Zingiberaceae 
rhizome extracts in lipopolysaccharide-
induced human vascular endothelial cells 
in vitro. Am J Biochem Biotech, 7: 1-9 
(2011). 

20. Lee HS, Seo EY, Kang NE, Kim WK , [6]-
Gingerol inhibits metastasis of MDA-MB-
231 human breast cancer cells. J Nutr 
Biochem, 19:313-319 (2008). 

21. Ling H, Yang H, Tan SH, Chui WK, Chew 
EH, 6-Shogaol, an active constituent of 
ginger, inhibits breast cancer cell invasion 
by reducing matrix metalloproteinase-9 
expression via blockade of nuclear factor-
kB activation. Br J pharmacol, 161:1763–
1777 (2010). 

22. Weng CJ, Wu CF, Huang HW, Ho CT, 
Yen GC, Anti-invasion effects of 6-shogaol 
and 6-gingerol, two active components in 
ginger, on human hepatocarcinoma cells. 
Mol Nutr Food Res, 54:1618-1627 (2010). 

23. Jain M, Ganju L, Katiyal, A, Padwad Y, 
Mishra, KP, Chanda S, Karan D, 
Yogendra KMS, Sawhney RC, Effect of 
Hippophae rhamnoides leaf extract 
against Dengue virus infection in human 
blood-derived macrophages. Phytomed, 
15:793-799 (2008). 

24. Zandi K, In vitro antiviral activity of fisetin, 
rutin and naringenin against dengue virus 
type-2. J Med Plants Res, 5:5534-5539 
(2011). 



Int J Pharm Bio Sci 2015 April; 6(2): (P) 141 - 153  

 

 

This article can be downloaded from www.ijpbs.net 

P - 153 

25. Denizot F, Lang R, Rapid colorimetric 
assay for cell growth and survival. 
Modifications to the tetrazolium dye 
procedure giving improved sensitivity and 
reliability: J Immunol Methods, 89:271–
277 (1986). 

26. Ottino P, Taheri F, Bazan HE, Platelet-
activating factor induces the gene 
expression of TIMP-1, -2, and PAI-1: 
imbalance between the gene expression 
of MMP-9 and TIMP-1 and -2. Exp Eye 
Res, 74:393-402 (2002). 

27. Bhatt S, Gething PW, Brady OJ, Messina 
JP, Farlow AW, Moyes CL, Drake JM, 
Brownstein JS, Hoen AG, Sankoh O, 
Myers MF, George DB, Jaenisch T, Wint 
GR, Simmons CP, Scott TW, Farrar JJ, 
Hay SI, The global distribution and burden 
of dengue. Nature, 496:504–507 (2013). 

28. Lam PK, Tam DT, Diet TV, Tam CT, Tien 
NT, Kieu NT, Simmons C, Farrar J, Nga 
NT, Qui PT, Dung NM, Wolbers M, Wills 
B, Clinical characteristicsof dengue shock 
syndrome in Vietnamese children; a 10-
year prospective study in a single hospital. 
Clin Infect Dis, 57:1577–1580 (2013). 

29. Partridge CA, Jeffrey JJ, Malik AB, A 96-
Kda gelatinase induced by TNF-α 
contributes to increased microvascular 
endothelial permeability. Am J Physiol, 
265:438–47 (1993). 

30. Waidab W, Suphapeetiporn K, 
Srichomthong C, Tongkobpetch S,  
Pancharoen C, Shotelersuk V,   
Thisyakorn U, Dengue infection severity 
association of cytokine-related gene 
expression with dengue infection severity. 
Pediatrics, 121:S132 (2008). 

31. Lacraz S, Nicod LP, Chicheportiche R, 
Welgus HG, Dayer JM, IL-10 inhibits 
metalloproteinase and stimulates TIMP-1 
production in human mononuclear 

phagocytes. J Clin Invest, 96:2304–2310 
(1995). 

32. Figueira RC, Gomes LR, Neto JS, Silva 
FC, Silva ID, Sogayar MC. Correlation 
between MMPs and their inhibitors in 
breast cancer tumor tissue specimens and 
in cell lines with different metastatic 
potential. BMC Cancer, 9: 20 (2009).  

33. Stetler-Stevenson WG, Krutzsch HC & 
Liotta LA, Tissue inhibitor of 
metalloproteinase (TIMP-2). A new 
member of the metalloproteinase inhibitor 
family. J Biol Chem 264: 17374–17378 
(1989). 

34. Howard EW, Bullen EC, Banda MJ, 
Preferential inhibition of 72- and 92-kDa 
gelatinases by tissue inhibitor of 
metalloproteinases-2. J Biol Chem, 266: 
13070–13075 (1991). 

35. Kinoshita T, Sato H, Okada A, Ohuchi E, 
Imai K, Okada Y, Seiki M, TIMP-2 
promotes activation of progelatinase A by 
membrane-type 1 matrix 
metalloproteinase immobilized on agarose 
beads. J Biol Chem, 273: 16098–103 
(1998). 

36. Solanki B, Pandya K, Maniar K, Gurav N, 
Anti microbial activity of ashwagandha, 
shunthi and sariva against various human 
pathogens: an invitro study. Int J Pharm 
Bio Sci, 2:772-779 (2011). 

37. Kim SO, Kim MR, [6]-gingerol prevents 
disassembly of cell junctions and activities 
of MMPs in invasive human pancreas 
cancer cells through ERK/NF- kappa 
B/Snail signal transduction pathway. Evid 
Based Complement Alternat Med 2013: 
761852 (2013). 

38. O'Hara M, Kiefer D, Farrell K, Kemper K, 
A review of 12 commonly used medicinal 
herbs. Arch Fam Med, 7:523–536 (1998). 
 

 


